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Abstract. River systems provide a diverse range of ecosystem services, examples include: flood regulation (reg-
ulating), fish (provisioning), nutrient cycling (supporting) and recreation (cultural). Developing water resources
through the construction of dams (hydropower or irrigation) can enhance the delivery of provisioning ecosys-
tem services. However, these hydrologic alterations result in reductions in less tangible regulating, cultural and
supporting ecosystem services. This study seeks to understand how multiple impoundments, abstractions and
transfers within the upper Beas River Basin, Western Himalayas, India, are affecting the delivery of supporting
ecosystem services. Whilst approaches for assessing supporting ecosystem services are under development, the
immediate aim of this paper is to set out a framework for their quantification, using the macroinvertebrate index
Lotic-Invertebrate Index for Flow Evaluation (LIFE). LIFE is a weighted measure of the flow velocity prefer-
ences of the macroinvertebrate community. Flow records from multiple gauging stations within the basin were
used to investigate flow variability at seasonal, inter-annual and decadal time scales. The findings show that both
mean monthly and seasonal cumulative flows have decreased over time in the Beas River Basin. A positive hy-
droecological relationship between LIFE and flow was also identified, indicative of macroinvertebrate response
to seasonal changes in the flow regime. For example, high LIFE scores (7.7–9.3) in the winter and summer
seasons indicate an abundance of macroinvertebrates with a preference for high flows; this represents a high po-
tential for instream supporting ecosystem services delivery. However, further analysis is required to understand
these hydroecological interactions in the study basin and the impact on instream supporting ecosystem services
delivery.
1 Introduction
River systems provide an array of ecosystem services, rang-
ing from tangible benefits such as freshwater supply (pro-
visioning) to the less tangible where examples include re-
ligious enrichment (cultural), climate regulation (regulating)
and nutrient cycling (supporting) (Gilvear et al., 2017). Some
riverine ecosystem services may be enhanced through the de-
velopment of water resources such as the construction of
dams for hydropower and/or irrigation to meet prioritised
human needs. However, there are often trade-offs between
the ecosystem service categories, with downstream ecosys-
tems and the ecosystem services they provide, paying the
price (Millennium Ecosystem Assessment, 2005). More of-
ten, such trade-offs result from developments which increase
the delivery of provisioning ecosystem services, but nega-
tively impact less tangible cultural, regulating and supporting
ecosystem services.
In river basins such as the Beas, Western Himalayas, In-
dia, increasing water demands for domestic, industrial and
irrigation purposes and hydropower generation have led to
rapid development. Additionally, changing climatic condi-
tions have led to increases in temperature, decreased snow
fall and glacier shrinkage (Jain et al., 2010). These drivers
of change have, and continue, to impact on the delivery of
ecosystem services, particularly those which are less tangi-
ble.
Supporting ecosystem services underpin the delivery of
all other ecosystem services. Therefore, to recognise the im-
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Figure 1. Map of the Beas River Basin and its situation (inset).
pact of developments on ecosystem service delivery, process
understanding of the formation and regulation of these sup-
porting ecosystem services is essential. Due to their sensi-
tivity to change (Chaube et al., 2008; Chauhan and Verma,
2016), macroinvertebrates have widely been used as ecolog-
ical indicators of the impact of flow regulation and abstrac-
tion in river systems (Ghosh and Biswas, 2015; Monk et al.,
2008). Macroinvertebrates play a significant role in the deliv-
ery of supporting ecosystem services in river systems (Thorp
et al., 2010). As primary consumers, detritivores, predators
and pollinators, macroinvertebrates contribute to supporting
ecosystem services such as nutrient cycles, primary pro-
ductivity, and decomposition. Additionally, in freshwaters,
macroinvertebrates operate at intermediate trophic levels (ap-
proximately the middle of the food web) and are generally
the main in-stream food source of fish (Wallace and Webster,
1996).
To assess the ecological response of macroinvertebrates to
flow regime the Lotic-invertebrate Index for Flow Evaluation
(LIFE) (Extence et al., 1999) is commonly used (Monk et al.,
2006). LIFE is abundance-weighted, based on macroinverte-
brate flow velocity preferences. Knowledge on the applica-
bility of LIFE on snow fed river systems, such as the Beas
River, is limited. The results presented in this paper are part
of ongoing work. The overall aim of this study is to under-
stand the impact of the altered flow regime on supporting
ecosystem services delivery potential in the case study basin,
using macroinvertebrates as an indicator.
2 Materials and Methods
2.1 Study Area
The source of the Beas River is located in the Himalayas,
central Himachal Pradesh, India; the river merges with the
Satluj River at Harike in Punjab. The Beas River is one of the
main tributaries of the Indus River system, which is critical
for food, energy and economic development in India. Fig-
ure 1 shows the location of the Beas River Basin in North
India. The Pong Dam reservoir is situated downstream in the
basin; the dam is mainly used for hydropower generation and
irrigation water supply.
2.2 Daily stream flow discharge data
Historic daily mean stream flow discharge data for the study
area was made available by the Bhakra Beas Management
Board (BBMB) for two gauging stations: Nadaun (from 1980
to 2017) and Thalout (from 1967 to 2007) (Fig. 2).
Time varying seasonal and decadal summary flow statis-
tics were calculated to understand the long-term flow vari-
ability which may influence macroinvertebrates, and hence,
the provision of supporting ecosystem services. These in-
cluded mean monthly flows, the cumulative seasonal flow ex-
ceeded 10 % of the time (Q10) and the cumulative seasonal
flow exceeded 90 % of the time (Q90). While Q10 is a mea-
sure of high flows, theQ90 is a measure of low flow. Seasons
were defined as the following hydrological periods: Summer
(pre monsoon) (March–May), Monsoon (June–September),
Autumn (Post monsoon) (October–November) and Winter
(December–February).
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Figure 2. Historic and recent (2017) sampling sites in the Beas River Basin. Sampling reaches are labelled A to F.
2.3 Macroinvertebrate data
The macroinvertebrate sampling locations (historic and from
2017) are detailed in Fig. 2. The historic sampling sites are
located on the tributaries of the Beas River whilst the 2017
sampling sites are located on the main stem.
2.3.1 Historic macroinvertebrate data
Two previous studies were used as sources of historic
macroinvertebrate data. Historic macroinvertebrate data,
sampled monthly, was made available from: Manesh (2005)
in 2005–2006 at A and B (Fig. 2, Sainj River and Tirthan
River) and Sharma and Dhanze (2012) in 2007–2008 at C
and D (Fig. 2; Binwa River and Neugal River). Data from
these historic studies was used to calculate seasonal LIFE
scores. This seasonality was considered with reference to
seasonal changes in the Beas River flow regime.
2.3.2 Current macroinvertebrate sampling
Additional macroinvertebrate sampling was carried out as
part of this study at E and F (Fig. 2; Sujanpur and Nadaun
on the main stem). Sampling was carried out during the
post-monsoon period in November 2017. The kick-sampling
method (Barbour et al., 1999) was used to collect the
macroinvertebrates from both sampling sites. A handnet
(1 mm mesh size) was used to collect two samples at each site
to form a single composite sample per site. Kick-sampling re-
quired disturbing the river bed for a duration of 3 min whilst
the handnet is held vertically to the river bed, with the frame
of the net at right angles to river flow (downstream of one’s
feet). Dislodged macroinvertebrates within an area close to
the net were gathered and subsequently stored in containers
and preserved with 90 % ethanol for identification in the lab-
oratory. The samples were sorted and taxonomically identi-
fied to Family level following Subramanian and Sivaramakr-
ishnan (2007). Family LIFE scores were calculated via the
method described by Extence et al. (1999) (refer to Supple-
ment 1).
3 Results and Discussion
3.1 Flow variation over time
Figure 3 depicts the decomposed time series of the mean
monthly flows at both gauging stations. There are strong sim-
ilarities in flow seasonality, with high flows during the mon-
soon season and low flows during the winter season. Overall,
the mean monthly flows show a decreasing trend after the
1990s. The observed facet (Fig. 3) also shows trend change
points in the 1990s, thereafter the flows appear to decrease.
Mean monthly flows from Nadaun gauging station are
more variable compared to Thalout upstream; this is also re-
flected by irregularities in flows at Nadaun during the change
point in the 1990s.
Similarly, analysis of seasonal cumulative flows shows a
shift over time in both theQ90 andQ10 as revealed in Fig. 4.
As illustrated in Fig. 4, both gauging stations depict sim-
ilar trends of decreasing cumulative flows over the four sea-
sons, especially the monsoon flows. The Nadaun station
recorded a noticeable decrease in Q10 and Q90 monsoon
flows from the 1980s to 2017. On the other hand, the Thalout
station shows a noticeable downward shift in Q10 and Q90
during the winter season from the 1960s to the 2000s.
These decreases in both mean monthly flows and seasonal
cumulative flows in the Beas River could be the result of cli-
matic change and human activity impacts linked to increases
in abstraction activities and hydropower generation in the
basin (Singhvi and Krishnan, 2014).
3.2 LIFE scores
Figure 5 provides a comparison of the LIFE scores.
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Figure 3. Decomposed time series of mean monthly flows at the two gauging stations.
Despite differences in the spatial location and timing of
sampling, similar patterns in macroinvertebrate diversity and
abundance were observed; this is represented by the sea-
sonal variations in LIFE scores. Previous studies e.g. Joshi et
al. (2007) on macroinvertebrate assemblage in the Himalayas
region also observed maximum macroinvertebrate densities
during winter and lower densities during the monsoon. Over-
all, LIFE scores were generally high (7.7–9.3) during the
winter and summer seasons and low (minimum of 4.5) during
the monsoon period. See Supplement 2 for the LIFE scores
per site. The lower diversities and LIFE scores could be the
result of the high monsoon flows washing the macroinverte-
brates away.
Macroinvertebrate community structure changes across
the seasons. High LIFE scores (winter and summer sea-
sons) indicate an abundance of macroinvertebrates with a
preference for high flows; this represents a high potential
for instream supporting ecosystem services delivery. Dur-
ing the monsoon season, changes in the flow impacts on the
macroinvertebrate structure resulting in low LIFE scores. Al-
though macroinvertebrate response to these seasonal changes
in river flows could be a natural process, human induced
changes in the flow regime could negatively impact on the
macro invertebrate community structure and the potential for
supporting ecosystem services delivery.
3.3 Influence of river flow changes on LIFE and
supporting ecosystem services
The observed seasonal variation in LIFE scores suggests that
the macroinvertebrate community is responding to changes
in river flow. This reflects the importance of the flow regime
in the ecological health of rivers and their capacity to deliver
ecosystem services (Vörösmarty et al., 2010). This implies
that the observed decrease in temporal and seasonal river
flows in the study basin could have a detrimental impact
on macroinvertebrates and, consequently, the instream sup-
porting ecosystem services. However, a greater understand-
ing of the hydroecological relationship in the Beas River is
required. To this end, the next steps in this study focus on
hydroecological modelling, where numerical models are de-
veloped to explore the relationship.
Due to data limitations, long-term historic understanding
of the macroinvertebrate community and LIFE in the basin
are limited. Consequently, this narrows the scope within
which the changes in LIFE scores could be assessed. Gener-
ally, research on macroinvertebrates in river systems in India
has been limited (Mishra et al., 2013). Despite this, the suc-
cessful application of the LIFE methodology and subsequent
findings, helps to confirm the applicability of the method-
ology in snow fed river systems in India. Additionally, this
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Figure 4. Flow distribution curves (by season and decade) at the two gauging stations.
Figure 5. Seasonal variations in LIFE score.
study highlights the need for further work in the form of hy-
droecological modelling.
4 Conclusions
As part of an ongoing study, current findings presented in this
paper, show that both mean monthly and seasonal cumulative
flows have decreased overtime in the Beas Basin. Linked to
this were seasonal variations in LIFE scores, indicative of
macroinvertebrate response to flow changes and their poten-
tial to deliver supporting ecosystem services. However, fur-
ther analysis is required to understand these hydroecological
interactions and their impact on instream supporting ecosys-
tem services. Given that more hydropower dams and abstrac-
tion activities and changing climatic conditions are set to
continue, such an understanding is important in future wa-
ter resources management planning in the Beas River Basin.
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Data availability. All macroinvertebrate data is provided in
Manesh (2005), Sharma and Dhanze (2012) and in the Supplement
of this article. All hydrological data is not publicly accessible and
is provided for use in the project only from the Bhakra-Beas Man-
agement Board.
The Supplement related to this article is available
online at https://doi.org/10.5194/piahs-379-67-2018-
supplement.
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